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In this study we used three nonlinear regression models: Von Bertalanffy, logistic-bylength, and logistic-by-weight to describe the pattern of growth of hatchling, juvenile, and adult of the lizard Anolis nebulosus in a tropical dry forest near of the Mexican Pacific coast during a period of 1989 and 1990 . Von Bertalanffy and logistic-by-length models showed the best fit to the growth data for males and females of three age classes from marked and recaptured lizards in these years. The characteristic parameter of growth (r) and asymptotic growth (A 1 ) extracted from these models indicated that males grow faster than females, but the latter reach a slightly larger size than males. The growth curves revealed that males reach minimum size at sexual maturity at 35 mm in snout-vent length (SVL), at an age of seven months, while females reach sexual maturity at 37 mm of SVL at nine months. Comparisons of growth rate between wet and dry seasons and years revealed that hatchlings and juveniles of both sexes had higher growth during the wet season for both years. Although there was no significant variation between measured environmental variables or in the food availability, the weight of evidence suggests that environmental variation has an influence on the growth of A. nebulosus of this population. Results indicate that variation on growth patterns observed may result from a combination of environmental factors, such as food availability, predation pressure and some reproductive characteristics as size at sexual maturity and size of hatchlings at birth.
ABSTRACT 23
In this study we used three nonlinear regression models: Von Bertalanffy, logistic-by-24 length, and logistic-by-weight to describe the pattern of growth of hatchling, juvenile, and 25 adult of the lizard Anolis nebulosus in a tropical dry forest near of the Mexican Pacific 26 coast during a period of 1989 and 1990 . Von Bertalanffy and logistic-by-length models 27
showed the best fit to the growth data for males and females of three age classes from 28 marked and recaptured lizards in these years. The characteristic parameter of growth (r) and 29 asymptotic growth (A1) extracted from these models indicated that males grow faster than 30 females, but the latter reach a slightly larger size than males. The growth curves revealed 31 that males reach minimum size at sexual maturity at 35 mm in snout-vent length (SVL), at 32 an age of seven months, while females reach sexual maturity at 37 mm of SVL at nine 33 months. Comparisons of growth rate between wet and dry seasons and years revealed that 34 hatchlings and juveniles of both sexes had higher growth during the wet season for both 35 years. Although there was no significant variation between measured environmental 36 variables or in the food availability, the weight of evidence suggests that environmental 37 variation has an influence on the growth of A. nebulosus of this population. Results according to the authors, males and females of the islands present slow growth rates and 81 mature to a larger size. This was explained by the hypothesis that there is less food on the 82 island than in the continent (Andrews, 1976). Schoener & Schoener (1978) found in four 83 lizard species of the genus Anolis that growth rate was lower in females than males, 84 because their observations suggested that females fed for a shorter time than males, due to 85 several groups of adult males monopolizing the food and foraging places during both wet 86 and dry seasons. In A. carolinensis, Goodman (2010) found individuals from northern 87 populations were larger and exhibited higher growth rates than those from the south, 88
suggesting that individuals from the north are able to store more energy as adults to help 89 withstand the lower temperatures of the winter months (Michaud & Echternacht, 1995) . 90
In this study, we assessed temporal variation in growth rates of adults, juveniles and 91 hatchlings of both sexes of A. nebulosus as a function of temperature, precipitation and 92 food availability. We estimated lizard growth rates using the standard growth rate (r) as 93 well as asymptotic growth rate (A1). Thus, the goals of this study are (1) determine whether 94 there are differences in growth rate among age classes and between sexes and years of A. 95 nebulosus, (2) determine the age at sexual maturity for each sex, and (3) out to pay more attention in using this method because they observed effects on the 121 behavior and health of some lizard species, and therefore, survival. However, during our 122 study was tested that this method (Toe-clipping) does not affect the behavior and survival 123 of the marked individuals, which was reflected in the capture and recapture lizards 124 We recorded a total of 1,568 capture-recapture events, ranging from once up to 12 times. 131
For each capture, we measured snout-vent length (SVL mm; nearest 0.01 mm using 132 calipers), weight to the nearest 0.1 g using a 10-g Pesola scale, sex (based on presence or 133 absence of a conspicuous dewlap¸ present only in males), and presence of a complete or 134 regenerated tail (Ramírez-Bautista, 1995). After these data were recorded, lizards were Table 1 ). The difference between these latter 163 two models is that the maximum growth rate is reached at an earlier age in the logistic-by-164 length model, whereas the logistic-by-weight model predicts that maximum growth rate is 165 reached at a later age (Dunham, 1978 Schoener, 1978) . 171
Once best models were identified, we elaborated confidence intervals for growth 172 parameters (r, or characteristic growth rate) and (A1 the asymptotic body size) under the 173 following formula (Schoener & Schoener, 1978) : 174
where βj is the adjusted parameter j, θj is the estimate of βj, Sj is the asymptotic standard 176
is the 1-tailed value of F1 -α with k and N -k degrees of 177 freedom, N is the sample size and k is the number of adjusted parameters. 178
Based on the solution of the best model data were used to build growth curves for 179 both males and females using the average of size at birth (L0) of male and female hatchlings 180 provided the fit to the data for males, therefore that for females, the best fit to the dates of 249 growth was shows for Von Bertalanffy model (Table 3) . The Von Bertalanffy modelindicated that females grew slow (r = 0. 0017 ± 0.00036) than males (r = 0.0053 ± 251 0.00040). However, these (females) reached a slightly larger size (A1 = 51.79 ± 3.9422) 252 than males (A1 = 46.46 ± 0.9040; Table 3 , Fig. 2a-b) . 253
Furthermore, we detected four groups of females with different growth rate, females 254 that showed a higher growth rate than other females, reaching the minimum SVL at sexual 255 maturity at an earlier age. The first group was a sample of 18 (6 %) females captured as 256 juveniles, which were recaptured several times as adults between February 1989 and June 257 1990; this group showed a growth rate of 0.083 mm/day and reached the minimum size at 258 sexual maturity (37 mm SVL) in 80 days. The second group was represented by a sample 259 of 30 females between juveniles and adults (9.3 %) recaptured between April 1989 and 260
June 1990, and showed a higher growth rate (0.16 mm/day), reaching the minimum SVL at 261 60 days after the first capture; and the third group of 89 (28 %) females classified between 262 juveniles and adults, which had a relatively high growth rate (0.70 mm/day). The rest of the 263 females (the fourth group) showed the lowest growth rate (0.0022 mm/day). 264
The logistic-by-weight model showed the best fit to analysis of the estimated 265 parameters with capture-recapture data together (hatchlings, juveniles and adults) for 266 females and males from 1989 and 1990 (Table 4) . Based on this information, we observed a 267 significant overlap of confidence intervals mainly for the asymptotic growth parameter (A1; 268 Fig. 3a) , and slightly for the characteristic growth parameter (r; Fig. 3b ) between both 269 sexes. Therefore, we assumed that there are differences between sexes in relation to growth 270 pattern, and therefore we developed one growth curve for each sex (Fig. 4a-b) . The figure  271 4a indicate that females at a SVL of 37 mm at an age of 270 days (nine months), while that 272 the males reached the minimum size at sexual maturity at a SVL of 35 mm at an age of 210 273 days (seven months; Fig. 4b ). 274
Finally, based on the residuals obtained from models that represented the best fit of 275 growth rates for each sex and age class, and using Student´s t-test it was not possible to 276 identify differences in growth rate of hatchlings between the wet season of 1989 and the 277 dry season of 1990 (t = -0.068, P = 0.947; Table 4 (Table 4) . Conversely, the highest value for average growth for males from 287 1989 was in the wet season, and for 1990 was in the dry season (Table 4) . 288
DISCUSSION 290
The analyses on growth of hatchlings, juveniles, adults, and between years in this study 291 were based on the criterion that the best estimate of growth rate was made from those 292 models that present the lowest mean square residuals (Dunham, 1978; Schoener & 293 Schoener, 1978) . Therefore, the Von Bertalanffy and logistic-by-length models equations 294 described the best growth pattern for this population. Both models provided the best fit tothe data of males and females for both years (Table 2 ). This growth pattern is similar to that 296 observed in other lizards of the genus Anolis from both island and mainland environments 297 (Schoener & Schoener, 1978) , who displayed an asymptotic growth when they reached 298 sexual maturity, a critical time that demands a large amount of energy invested on 299 reproduction, and which is distributed in the production of gonads but also in the 300 continuous growing process (Schoener & Schoener, 1978 1969) having larger egg mass and volume than their counterpart from mainland, but the 315 former had lower clutch frequencies, and the latter were smaller in SVL (fast growing) with 316 a higher clutch frequency and a smaller egg mass. These differences in reproductive 317 characteristics are attributed to different growth patterns, which in turn may be due torelaxation of predation and scarce interactions with other island species, while those found 319 in mainland can face higher predation intensity and interspecific competition, and therefore, 320
females from our population of study follow one of the two great predictions by Tinkle 321 (1969). For example, species of small sizes have a smaller egg mass and volume, 322 developing a pattern of fast growth which allows a fast transition from juvenile to adult 323 stage and thus avoid strong predation. This strategy has also been observed in females of 324
Sceloporus occidentalis (Sinervo, Hedges, Adolph, 1991) . 325
Moreover, Dunham (1978) found that variation in growth rate between males and 326 females from the same species and population reflect sexual dimorphism, and usually male 327 attain larger SVL (Andrews, 1982; Zamora-Abrego, Zúñiga-Vega & Ortega-León, 2012). 328
Although males of A. nebulosus from this study (together data; hatchlings, juveniles and 329 adults) showed a higher growth rate, however there is no categorical evidence that this 330 growth pattern is due to sexual selection (Ramírez-Bautista & Vitt, 1997; this study). In 331 these sense, sexual dimorphism in A. nebulosus could be expressed in other morphological 332 characteristics, such as in color pattern of dewlap, which is more colorful (intense orange) 333 and larger in males than in females (Ramírez-Bautista, 1995). 334
Conversely, slow growth rate and late maturity of females (almost three months 335 later than males, together dates) indicates a possible continuous growth, and thus an 336 asymptotic parameter (A1) slightly greater than males. This pattern is likely due to females 337 growing to attain the stage of vitellogenesis and receive the courtship and mating, so they 338 also continue to grow since complete development of the gonads occurs as they grow 339 (considering that this species belongs to the group with a short-life span they only survive a Adult females of 1989 showed a higher growth rate in the dry season, and males of 362 the same year in the wet season, but the opposite pattern occurred in females and males 363 from 1990. These data suggest that females and males could not feed steadily (in a similarway) between years as do hatchlings and juveniles, or it could also be attributed to groups 365 of adults monopolizing food among years, sites and seasons (Andrews, 1976 (Andrews, , 1979 . 366
There was no significant correlation between environmental variables (precipitation 367 and temperature) and the amount of food available in the environment. Nonetheless, we 368 believe that these variables directly or indirectly influence the growth of A. nebulosus of 369 this sampled population, as it occurs in A. oculatus and A. limifrons from island and 370 mainland habitats, where differences in growth rate of these species were identified 371 (Andrews, 1976). These results were attributed to differences in availability and selection 372 of food, noting that food was more plentiful on mainland than on the island, and therefore 373 juveniles of A. limifrons from mainland grew at a faster rate than A. oculatus from the 374 island (Andrews, 1976). Thus, both situations could be taking place in the juveniles of A. 375 nebulosus from this study. Additionally, groups of adult females with higher growth rates 376 reflect that they arrived before than other individuals and settled on the sites (trees) that 377 showed the best conditions for feeding and breeding related to environmental pressures, the anole species inhabiting islands have a slower 386 growth rate than mainland ones (Andrews, 1976 (Andrews, , 1979 , this is a feature that occurs whenfood is more scarce on the islands than on mainland (Schoener & Schoener, 1978; 388 Andrews, 1982) . Furthermore, the intensity of predation usually is stronger on the continent 389 than in islands, and for this reason lizards in continental environments should grow faster to 390 reach sexual maturity at smaller sizes as a strategy to reduce likelihood of predation 391 (Zúñiga-Vega et al., 2007) . Therefore, the availability of food and predation intensity in the 392 environment, are two factors that play an important role in the variation of growth rate 393 patterns of males and females of this analyzed population. 394
Lastly, phylogeny can also regulate the beginning and end of growth for each 395 species, and although little is known about it, these anoles are able to exhibit a camouflage 396 to increase predator avoidance, have low growth rates, and individuals are agile to escape 397 from predators such as whiptail and varanid lizards (Andrews, 1982 
